We =amine, by Monte Carlo simulation and the damage algorithm. the late time behaviour of fluctuations in the low-temperature ordered phase of the twodimensional kinetic Ising model. It has been suggested that a1 late times correlations could bc dominated by long-lived droplet fluctuations of the other ordered phase, giving nse 10 stretched-exponential decay% of the spin autocomelation function. Over the time regimes we have studied, we see no evidence far anomalous long-lived droplets and find that the probabilily distribution for droplet lifetimes decays by an ordinaly exponential.
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Assumptions about the nature of long-time correlations in systems close to equilibrium provide the basis for important aspects of non-equilibrium statistical mechanics. For example, linear-response theory requires the existence of a perturbative regime sufficiently close to equilibrium. In particular, let us consider the non-conserved kinetic king model (called [1,2] model A) in one of its two equivalent ordered states below the critical temperature T,, where the average spin (S) % fl. If one considers only the system's linear response, equivalent in this case to the Langevin equation linearized about the equilibrium state, the autocorrelation function
C j t ) = (S(O)S(1)) -( S ) 2 obeys
for late times, when the system is prepared in equilibrium at 1 = 0, where T is the correlation time. Recently, however, independent phenomenological studies by Huse and Fisher [3] , and Thkano er a1 [4] have suggested that late time behaviour can be dominated by stretched exponentials of the form ~( 1 ) e-(t/r)*
(2)
where @ < 1, which is inconsistent with the above prediction of linear response.
In this letter we present a numerical investigation of these predictions. We use Monte Carlo simulation and damage dynamics 15-IO] to study the close-to-equilibrium fluctuations in the two-dimensional spin-flip kinetic Ising model. Over the time regimes we have studied, we find behaviour consistent with ordinary exponential decay. It is natural to test the predictions of the phenomenological droplet theories by computer simulation. This was first attempted by 'hkano el 01 [4] [lo] in a variety of systems. The advantage of the technique comes from its ability to track the evolution of the induced microscopic fluctuation independent of those thermal fluctuations common to the two replica lattices. In our case this allows us to look at the behaviour of fluctuations out to significantly later times, t < 500-1OOO MCS, than in previous studies.
Starting with two Ising lattices with identical spin configurations we introduce a microscopic fluctuation by taking one of these lattices and flipping a single, randomly chosen spin. We then evolve the two systems, including the damaged site, according to the same Metropolis Monte Carlo dynamics, by using the same sequence of random numbers for both lattices We use the algorithm to estimate two quantities. The first quantity is N ( t ) , the ensemble-averaged number of clusters which live until time 1. This measures the probability that a system damaged at time 1 = 0 will lose memory of this at time 2, so the integral s;" N( t) d t is just the probability that a droplet still exists at time t. As noted by Huse and Fisher [3] the correlation function C ( t ) is proportional, to lowest order, to this probability. Thus if C ( t ) takes on a non-exponential form at late times N ( t ) should also do so Ill]. We also measure the ensemble-averaged size M(1',t) of those clusters which vanish at some fixed time t , as a function of time 1'. Damage can only become large if the initial damage causes a large anti-domain fluctuation in one system, but not the other. Therefore monitoring the dynamics of damage cluster evolution for long-lived events is equivalent to monitoring the dynamics of droplet growth and decay. This allows us to check whether large, long-lived droplets behave differently from small, short-lived ones.
We used a multi-spin coding metropolis algorithm, and studied temperatures relatively close to the critical temperature T,, 0.9 T, and 0.95 Tc, to minimize nonuniversal differences between the Langevin model A and the kinetic king model. The correlation lengths at these two temperatures are = 3 and 5, respectively, in units of the lattice spacing. Since we damage only a single site the perturbation is small on the scale of the correlation length, ensuring that the induced fluctuation is microscopic and essentially thermal. Systems examined were square lattices of sizes 32* and 64*. We ensured there were no appreciable finite-size effects by undertaking test runs on through the entire system during the course of the simulations. Approximately lo7 trials were performed at each temperature. As can be seen from figure 1, we have observed rather large cluster fluctuations. This is a cluster roughly three correlation lengths in diameter. The largest clusters which appreciably contribute to our results . 'e, a larger system, and also by observing that a neg!igih!e fractim nf damage spr& 
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are of diameter 3-7 correlation lengths. Nevertheless, these very large droplets we observe are fuzzy and are not well-formed compact droplets. Figure 2 shows a log-log plot of the distribution N ( t ) as a function of time 1. Results are shown for T = 0.95Tc; similar results were observed at the lower temperature. The distributions have been normalized so that N(1) = 50. For early times there is a clear l/tz dependence. This can be understood as follows. Consider a system of size Ld. The probability of a fluctuation of size e will be -( L/t)de-k'"-', where the first term is proportional to the available volume in phase space (i.e. the number of ways of making clusters of size e) while the second term arises from the free energy of the fluctuation, and will be negligible at early times. If we assume that the early-time size is proportional to the lifetime, e -t, we get the limiting form N ( t ) m l/td. We can therefore usefully present the data by estimating the form of t * N ( t ) .
In figure 3 we plot t Z N ( t ) as a function of time. This semi-log plot yields good straight-line fits to the late time data, implying ordinary exponential decay at late times rather than a stretched exponential. From this, and other more complicated fits, we conclude that simple exponential decay provides the best representation of the data over the time regimes we have studied. In figure 4 we plot the average evolution in time 1' of the size M ( t , 1') of clusters which grow, decay and then disappear at times t = 61-500. According to the droplet models the time evolution of long-lived large droplets should be quite different from that of short-lived smaller ones. However, it is straightforward to see that there is no qualitative difference between the clusters on the time scales t = 61-500: indeed The form of m*(t*) is also indicative of the processes taking place. First note that the data are approximately symmetric about the maximum, as required by detailed balance. Furthermore, the shape of the scaling function determines the way clusters grow and decay. Since the scaled size of the two-dimensional clusters is m' -e ' ballistic growth and decay, with e -t', implies that the scaling function m'(t') -t**, i.e. the unique parabola shown by the dashed line in figure 4 . The data are entirely consistent with ballistic growth, which again implies exponential decay over the time regimes we have investigated.
Finally, despite this numerical evidence, one must ask if the phenomenological droplet arguments are so compelling as to suggest that our work is only observing transients. Note that those theories assume fluctuations are well-defined droplets. In ,r p a y a,, rL"p"lLa.rlr ,"IC., ,,I& critical droplet is characterized by two length scales: the width of the interface, which is proportional to F, and the droplet radius, which is proportional to the reciprocal of the applied field. However, in phenomenological droplet theories only one length scale is assuredly present, the correlation length. It is therefore not apparent that 
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there will be a well-defined separation of length scales between the droplet's surface width and its radius, if both are proportional to (. Again note the fuzzy features of the typical large cluster in figure 1.
In conclusion, we find that our data are consistent with ordinaly exponential decay. We cannot rule out the possibility of other behaviour on longer time scales than we have studied. Nevertheless, the consistency of our results for the cluster decay, the scaling of the size M ( t ' , t ) of clusters, and the absence. of an obvious length scale to set a fluctuating droplet size, lead us to believe that our results are indicative of the asymptotic time regime. Finally, as mentioned elsewhere, we believe a good candidate for an extensive experimental test, capable of probing time scales much larger than in a numerical study, would be a binary alloy such as P-CuZn prepared off stoichiometly.
